The number of patients affected by retinal diseases treated with intravitreal injections (IVTs) has resulted in a rapidly growing number of procedures. One of the worst complications after these injections is endophthalmitis.
T he number of patients affected by retinal diseases, the efficacy of anti-vascular endothelial growth factor (anti-VEGF) agents or corticosteroids, and their expanding indications have resulted in a rapidly growing number of intravitreal injections (IVTs). Acute endophthalmitis is one of the worst sightthreatening complications after IVTs. Its incidence is low, ranging from 0.02% to 0.08%.
7-10 Among factors influencing endophthalmitis occurrence, previous studies suggested associations with the class of medication, 11 topical antibiotic prophylaxis, 12,13 and types 1 and 2 diabetes. 11,14 However, owing to the low rate of endophthalmitis, even large observational studies are not sufficiently powered to analyze factors assoc iated w ith this complic ation. 8 , 1 0 , 1 5 Medic aladministrative databases (collecting all reimbursement claims, including hospital and out-of-hospital care) could overcome these limitations, providing more events to collect. The use of this type of database provides information at the scale of an entire country and, used with caution, could help decipher the associations between different events. [16] [17] [18] In the present study, we aimed to assess the incidence and factors associated with acute endophthalmitis after IVTs of corticosteroids or anti-VEGF agents in France from 2012 to 2015.
Methods

Data Source
This study is part of the French Epidemiology and Safety collaborative program designed to assess the epidemiology and safety of interventions in ophthalmology. 19 The French medicaladministrative database (Système National d'Information Interrégime de l'Assurance Maladie [SNIIRAM]) collects data for the whole country (ie, 66 million inhabitants). Briefly, this database contains the full coverage of health expenditures, including hospitalization discharge abstracts (with medical diagnoses) and outof-hospital care (visits, procedures, and drugs). The SNIIRAM was created to link all interscheme and hospital outpatient claim reimbursements of the French population with the national hospital discharge abstract database. After 2007, data were linked over time to allow for longitudinal analyses. The high quality of this database has previously been evaluated and has been used in several epidemiologic studies. 16, 18, 20, 21 This study adhered to the tenets of the Declaration of Helsinki. 22 The present study was approved by the French Institute of Health Data and by the French data protection authority, which did not require informed consent for the use of registry data.
Data Extraction
The data set available for this study included all patients in the database who received at least 1 IVT from January 23 Data from injections that were related to surgical procedures with an occurrence of endophthalmitis within 6 weeks were censored and were not included in the analysis. All cases of endophthalmitis occurring within 6 weeks after an ocular operation were excluded from the analysis. The type of injected medication (corticosteroid or anti-VEGF agent), the type of packaging, and topical antibiotic prescriptions were obtained from the records of medications delivered and identified through the database. Patients having any hospital discharge code mentioning diabetes as the main or associated diagnosis, repeated deliveries of the antidiabetic drug for more than 3 months, or a diabetesrelated long-term disease reimbursement code were identified as having diabetes. 17 Insulin-treated diabetes was determined by entries concerning continuous insulin deliveries. Findings In this population-based study that included 254 927 patients, the risk of endophthalmitis was higher for patients who received corticosteroid injections than for those who received anti-vascular endothelial growth factor agents (incidence rate ratio, 3.21) and higher for those who received nonprefilled syringes of anti-vascular endothelial growth factor medications than prefilled syringes (incidence rate ratios, 1.63 for ranibizumab and 1.82 for aflibercept).
Statistical Analysis
Meaning Although an association may not indicate cause and effect, these data suggest the use of prefilled anti-vascular endothelial growth factor syringes could lower the already very low risk of acute endophthalmitis.
injection procedures. Incidence rate ratios (IRRs) were estimated using a Poisson regression. We analyzed first the associations between the variables studied and endophthalmitis using a univariate Poisson regression. Multivariable Poisson regressions were then performed, adjusting for potential confounders that included sex, age, diabetes, drug, drug preparation, and topical antibiotic prophylaxis. Analyses were based on repeated-measures Poisson regression models accounting for dependencies between repeated observations on the same study patient. In these models, the association between the variables studied and the outcome was estimated using IRRs and the corresponding 95% CIs. Statistical significance was set at P < .05 (2-tailed tests). All data processing and statistical analyses were performed using the SAS statistical analysis software package (version 9.4; SAS Institute, Inc).
Results
From 
Discussion
In this study examining a large sample of IVTs, we observed a postinjection endophthalmitis rate of 0.0245% (1 of 4082 injections). This rate agrees with those of other reports in which rates range from 0.02% to 0.08%. 7-10 After adjusting for agent class or type, preparation of the drug (prefilled vs nonprefilled syringes), sex, age, use of topical antibiotic prophylaxis, and diabetes, an association between endophthalmitis incidence and the type of drug injected was found. Corticosteroids, and more specifically the dexamethasone implant, were associated with more than 3 times more endophthalmitis cases than anti-VEGF agents. This finding is in line with that of a previous study 24 in which a 3-fold higher risk of endophthalmitis after triamcinolone injection occurred compared with anti-VEGF administration and a medicaladministrative study (national US medical claims database) that found a 7-fold higher risk. 11 Several reasons have been postulated to explain this difference. First, owing to their immunosuppressive properties, 25,26 corticosteroids could lead to greater susceptibility to bacterial endophthalmitis. 27 Second, the gauge of the needle of the dexamethasone implant is larger than that of anti-VEGF agents (22-gauge vs 30-or 32-gauge), inducing a larger scleral wound, which could lead to a greater risk of bacterial penetration in the vitreous.
28,29
One finding in this study, not previously reported to our knowledge, was the difference in the risk of postinjection endophthalmitis owing to the preparation type. The prefilled syringe-available only for ranibizumab-had decreased the rate of endophthalmitis after IVTs, specifically by 40% compared with room preparation of nonprefilled ranibizumab and by 46% for aflibercept, only available as a nonprefilled medication. Although a ready-to-use material prepared by a pharmaceutical company vs a homemade preparation has been demonstrated to decrease endophthalmitis incidence after cataract surgery, 16 to the best of our knowledge, this is the first time that the relative risk of the anti-VEGF agent preparation type for endophthalmitis after IVTs has been identified, although it had been previously hypothesized. 30 The main reason could lie in fewer manipulations and the professional preparation in a controlled environment, leading to better safety and accuracy. This reason is in line with previous descriptions of endophthalmitis outbreak associated with repackaged bevacizumab. 31, 32 This association, however, does not indicate a cause and effect. Although numerous potential confounders were adjusted in the analyses, other confounding factors could contribute in part or completely to the results, which also were associated with the use of prefilled syringes. For example, the year of injection was not included in the multivariable analysis, but more cases of endophthalmitis occurred in the earlier years, before prefilled syringes were available. Thus, confounding factors, such as greater attention to use of antiseptics over the injection site or greater overall experience with injections in the latter years when prefilled syringes became available, might have accounted for the decreased rate. Also, the absolute rate of endophthalmitis without prefilled syringes was quite low, which could influence the cost-effectiveness of prefilled syringes.
In univariate analysis, we found a significant association between the early years of the study and endophthalmitis. This period effect is a consequence of the change in the presentation of the ranibizumab syringe. Indeed, the year of injection and the type of drug were highly correlated. Therefore, this variable was not included in the multivariable analysis. The variable age did not remain significant in multivariable analyses, probably because the agent injected significantly depended on the patient's age. Women were at greater risk of developing endophthalmitis. Few studies on endophthalmitis after IVTs report the patients' sex. Moshfeghi et al 14 found a sex ratio for endophthalmitis of 6 female to 2 male patients, and in a case series, Irigoyen et al 33 found 12 female and 8 male cases.
Our study showed no significant association between endophthalmitis and diabetes. This finding contradicts the controversial hypothesis that, because of relative immune suppression, patients with diabetes were at higher risk for endophthalmitis, 8,9 but supports previous findings reported by VanderBeek et al, 11 where diabetes was not associated with endophthalmitis risk after IVTs. Similarly, no significant association between endophthalmitis after IVTs and the use of topical antibiotic prophylaxis was found in our cohort. Topical antibiotics applied before or after the injection have been the standard clinical practice for many years. However, several reports on large series and systematic reviews 34, 35 have led to the conclusion that antibiotic prophylaxis for IVTs is no longer recommended. The guidelines on the perioperative strategy to minimize the risk of post-IVT endophthalmitis have been updated, and in France a topical antibiotic is no longer recommended after anti-VEGF IVTs. 36 We would probably need a longer observational period to measure the influence of this change in recommendations in France.
Strengths and Limitations
The strength of this study is the large collection of IVTs registered in a single administrative database. The subgroup size is large enough to detect a statistically significant difference between exposure groups. Moreover, the French medicaladministrative database includes all patients, especially those who are usually excluded from clinical trials (eg, older patients with comorbidities) or from Medicare studies (eg, younger patients with diabetes), 37 who could be at different risk for endophthalmitis. We also acknowledge several limitations to this study. First, post-IVT endophthalmitis was diagnosed based on clinical findings and not bacteriologic identification. This distinction could lead to misclassification if sterile endophthalmitis or uveitis were clinically diagnosed as endophthalmitis. However, this rate is very close to what was found in a previous study examining 310 000 IVTs with data collected from 25 centers in France.
10 Furthermore, sterile endophthalmitis is mostly associated with triam- cinolone injections, which account for only 0.2% of the IVTs collected in the present study. 38 A recent database study 39 reported an incidence of 0.012% of noninfectious endophthalmitis after IVTs. Furthermore, the same caveat was found in other studies.
11
Biological confirmation is missing in 40% of post-IVT endophthalmitis cases, as reported by Lyall et al. 40 Second, given that the definition of diabetes was based on an algorithm, we could not fully ascertain that all patients were classified in the proper group. To avoid this uncertainty, we used a validated algorithm, based on long-term disease and hospital diagnostic codes as well as the drugs used. 17 Third, we limited our main outcome measures to infectious events occurring after 42 days, as defined by the Endophthalmitis Vitrectomy Study Group. 23 However, we support previous findings that most acute endophthalmitis cases occur within the first 2 weeks. In our study, 90% of endophthalmitis cases occurred within this time frame. When considering only acute endophthalmitis after IVT occurring within 15 days, we drew the same conclusion in the univariate and multivariable analyses, except for the increased risk in female patients in the univariate analysis. Fourth, the agent injected was unknown in 3.6% of the IVTs; other studies have reported this weakness in as many as 10% of cases. 11 The results did not change after including them as a specific agent category in the statistical analysis. Fifth, our findings cannot fully extend to another country; French guidelines for IVTs are somewhat different from US guidelines, for example. 41, 42 In France, performing IVTs in a dedicated room wearing sterile gloves is recommended. By contrast, similar recommendations in both countries include topical povidoneiodine use, surgical mask wear, and no topical antibiotics.
38
Sixth, certain variables such as the number of IVTs before endophthalmitis could not be reliably analyzed because some patients may have been treated with bilateral injections. However, a recent study did not identify an increased risk of endophthalmitis with each successive IVT. 39 Seventh, the conclusions drawn from big data always need to be interpreted cautiously due to their limitations, as has already been pointed out in the ophthalmic literature. 43 Indeed, an association does not necessarily indicate a cause and effect, and although numerous potential confounders were adjusted in the analyses, other confounders not included or studied could be associated with the risk of endophthalmitis.
Conclusions
This study supports previous findings on the higher incidence of post-IVT endophthalmitis with corticosteroids vs anti-VEGF agents. It also demonstrates a nearly halved rate of endophthalmitis after IVTs with a prefilled anti-VEGF agent syringe, although this association does not necessarily indicate a cause and effect relationship between prefilled syringes and decreased rate of endophthalmitis.
